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1. Introduction
In RAN4 #97e, Fraunhofer’s TDoc contribution R4-2014491 [1] was discussed and recorded in R4-2017631 [2]. Further to the last meeting and as the result of inter-company discussions, an abridged version of the TDoc has been prepared. The current contribution therefore emphasises specific applications which are relevant to TR 38.810 [3] and the agenda item: “12.1.7 Test time reduction”.
Over-the-air (OTA) measurements and testing methods continue to be discussed and standardized in 3GPP. In RAN4, reference [4] teaches the need for “a practical trade-off between ‘long measurement time and high accuracy’ versus ‘reasonable measurement time with lower accuracy’”. Other teachings can be found in references [5] [6] and [7]. A review of such TDocs and their cited references, reveals:

Observation  AUTONUM  \* Arabic \s :  Issue to be addressed—reduction of measurement uncertainty.
Observation  AUTONUM  \* Arabic \s :  Issue to be addressed—reduction of measurement time.
Related and on-going work within RAN4 not only addresses the “Study on Test Methods” [3] and the “Study on Enhanced Test Methods” [8] but now more specifically focusses on the second frequency range (FR2) challenges defined in the New [9] and Revised [10] Study Item Descriptions (SIDs), the latter approved in RAN-#85 and comprising some six categories of investigation.
Fraunhofer’s earlier contribution [1] focussed on test time reduction methods and strategies, revisited the alternative test methods presented in [5] and [6] and in doing so, revealed the merits of those methods when adapted for FR2 applications. This showed not only the measurement time savings that can be achieved by adopting the procedures but also that a reduction in test time can be obtained without affecting measurement accuracy. In other words, it is no longer necessary to search for “a practical trade-off between ‘long measurement time and high accuracy’ versus ‘reasonable measurement time with lower accuracy’” [4].
2. Discussion
Although TR 38.810 describes the application of a form of beam sweeping for “Tx direction search and EIRP spherical coverage” (see [3] Sect. 5.2.1.3.7), the concept of “beam sweeping” detailed by Fraunhofer in [5] and [6] is much more versatile. A short summary is thus presented for convenience.
Suppose that a device under test (DUT) is capable of forming a directional antenna pattern and is also capable of changing its pattern by some means, typically electronic. The direction in which maximum energy is directed represents the peak of the pattern and in this context, is referred to as a “beam”. The DUT which is capable of producing more than one antenna pattern can thus produce multiple beams that may also be arranged so as to point in different directions. The means by which this is achieved, the number of beams that can be produced (at a given time), the direction in which the beams can be pointed and the characteristics of the antenna pattern and its beams is a matter of implementation (which may be proprietary) and is thus beyond the scope of this contribution. For the DUT that can produce a set of N beams, these can be arranged such that when each beam is selected in an indexed or ordered sequence, the beam appears to move or “sweep” in a given direction—this sweep can be thought of as a path or trace that lies on the surface of an imaginary sphere covering the DUT. Alternative sequences can then be used to sweep the beam in different directions. The length of any given sequence, M, need not necessarily match the number of available beams, N. In general terms, a non-repeated sequence will have a length M ≤ N. It should be noted that NR devices operating in FR2 are anticipated to have the capability to produce more beams than a device operating in FR1.
Fraunhofer’s earlier contributions [1], [5] and [6] have analysed the potential timesaving that is obtained by using electronic beam sweeping in different measurement scenarios [6] and for FR2 measurement applications. 
Observation  AUTONUM  \* Arabic \s :  Beam sweeping can be used to reduce the time needed for FR2 testing.
Although the only current application in conformance testing is the aforementioned “Tx direction search and EIRP spherical coverage” measurement (see [7] Sect. 5.2.1.3.7), the method offers immediate benefit to development tests.

Observation  AUTONUM  \* Arabic \s :  Beam sweeping is used in the “Tx direction search and EIRP spherical coverage” conformance test.

Observation  AUTONUM  \* Arabic \s :  Beam sweeping can be used to reduce the time needed for FR2 development testing.

In addition to the above applications, it is envisioned that electronic beam sweeping techniques can be used to reduce the test time of measurements that are at present undefined, for example enhanced beam correspondence measurements and multi-beam measurements. The latter might include tests of FR2 UEs operating in MIMO or dual connectivity mode in which the UE needs to create multiple beams that could point into different directions at the same time.
Observation  AUTONUM  \* Arabic \s :  Beam sweeping methods can be used to reduce the time needed for FR2 measurements which are at present undefined.
3. Conclusion
This contribution discusses beam sweeping and makes the following observations:
Observation 1: Issue to be addressed—reduction of measurement uncertainty.


Observation 2: Issue to be addressed—reduction of measurement time.

Observation 3: Beam sweeping can be used to reduce the time needed for FR2 testing.
Observation 4: Beam sweeping is used in the “Tx direction search and EIRP spherical coverage” conformance test.
Observation 5: Beam sweeping can be used to reduce the time needed for FR2 development testing.
Observation 6: Beam sweeping methods can be used to reduce the time needed for FR2 measurements which are at present undefined.
In view of the above observations and their merits, the following proposal is made:
Proposal: As part of the enhanced test methods for FR2 study item, RAN4 should consider beam sweeping techniques as a method suitable for non-conformance tests (i.e., those beyond “Tx direction search and EIRP spherical coverage” [see TR 38.810 Sect. 5.2.1.3.7]) and for conformance tests which are as yet undefined.
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